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© Highly tintable abrasion resistant coatings. 

© Abrasion resistant, tintable coating compositions which are based on siloxane/silica hybrid coating resins and 
which also contain at least about 3 percent but less than about 20 percent of a tintability enhancing compound 
selected from the group consisting of polyhydroxyl-functional compounds and butylated urea formaldehyde 
compounds. These coating compositions are especially useful for providing both abrasion resistance and high 
levels of tinting and, optionally, absorbance of ultraviolet radiation. Tetrahydroxybenzophenone is a preferred 
tintability enhancing compound that also absorbs UV light. 
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HIGHLY TINTABLE ABRASION RESISTANT COATINGS 

BACKGROUND OF THE INVENTION 

The present invention relates to tintable, abrasion resistant coatings for solid substrates The substrate, 
are generally substantially transparent to at least some wavelengths of visible light another at ^.east oartl 
transparent to ultraviolet radiation or deleteriously affected by utlraviolet radiation The cu ed coa inos offhe 
mvenfon s.multaneously resist abrasion and provide superior tintabiiity. .n a preferred ^SJSrt 2 
cured coating may a!so block substantially all incident ultraviolet radiation from r!^or^«SlIS 
the substrate, thereby protecting the substrate and items behind the ^^^ZZS^ST^ 

DESCRIPTION OF RELATED ART 
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5 ni« Many S0 ' id SUb , Strates ' es P ecial| y clear - transparent plastic materials, have been used as substitutes for 

> been customary to coat the plastics with organic or siloxane coatings. These coatings ^525^ dear 
un P1 gmented coatings. An example of such an organic coating is a heat cu able po rSn 

ssss rrsssa^ * ou9h - • — - ~ ~ 

In order to provide exceptionally hard abrasion resistant coatings to the plastic article manufacturers 

Z^tZ^^^r d8Vel0Ped - A " SXamP,e ° f SUCh 3 ^-Xlrbe 
lenses shSs »nri 1 , S "° XanS reSmS have been ver V successful as coatings for plastic " 

IZZlSSZZS!!? t 7,1656 C ° atin9S ' h ° WeVer " h3Ve tw0 m * or drawbacks - After curing they 
are not tintable and they are transparent to ultraviolet radiation V 

^T**™ * mat6rialS that the resistant ^ings 

ssss.iKsi^ same time - provides — — ^ p-Sssur 

bJ£TuT%£ TTl°JJT^ e tintabl6> abraSi ° n r6SiStant Coatin 9 s with *""»d success. For 
comooStionfor Lnt 5" ''f^ * ,B direCted t0 3 tintab,e ab ^ ion distant coating 

the coa te^llns ^ rom P° sitions war * tested by measuring the light transmission through 

S^E^S nnlhl " V ^ ^ f0f 5> 15 3nd 30 minutes - m » e ^ compositions aTe 

1 thfJoh *I ° ' 6r ' Pr0V ' de th9 ieVel ° r Speed of ttntin 9 desired in many applications In addition 
tZe" to STrar* th6 P ° SSibility th3t ult -'o'et absorbers ^general can t an 

^SZJL^^^^ C ° atin9, Pat8nt d08S n0t su 99 est that such unexpected and 
d3J^T2^^°^ f. fr ° m th6 COatinQ com P° siti °"s of the present invention, nor 

mater ha, L f ! '° n9 ^ ^ 10 haVe 3 de,eterious effect on certain ^sparent plastic 
Sinn! r, ?! kn ° Wn to degrade such items as drapes, upholstery tapestries 

l^tau^iZS ?" ° ft r n dama 9 ecurtains - ^ "Pholstery and other interior or indoor items 
m a house or automob.le. Since light transmission is a desired part of a window's function anv attemnt to 
block or attenuate a., incident light, including visible light, is generally unwanted * P 

they aTe often in ke°o d !n LT^T^T 35 *** " " 0m lhe de,eteri0US effects of uitravio1 * 
Z ♦■ -ru P " 3 darkened or dtmiy-lit environment and protected by a covering sheet of alass o 
P^fc^ This covenng sheet may be coated with a compound that absorbs ILS^^miSSZ 
•ght absorbing compound may be incorporated into the covering sheet. Unfortunatety .VaeXfc?^ 
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There also has been concern in the ophthalmics industry about the effect of "UV-A" solar radiation, Le. 
, from 340-400 nm, as a cause of cataracts. Various strategies have been used to provide screening in the 
UV-A region for eyeglass lenses, whether they are glass or plastic. Darkened sunglasses cause the pupil to 
dilate in response to the lowered light. This makes the eye more susceptible to radiation at all wavelengths. 

5 The presence of an effective UV screen for the UV-A region in an ophthalmic coating, coupled with high 
abrasion resistance and tintability, would be highly desirable since it would provide protection of the eyes 
as well as other desirable properties. 

One possible solution to the problem of obtaining both a high degree of UV absorption and abrasion 
resistance is to incorporate a large amount of a UV absorber into an abrasion resistant coating composition. 

70 Unfortunately, the low compatibility of UV absorber compounds in abrasion resistant coating compositions 
can lead to loss of adhesion, transparency, or abrasion resistance, and has prevented the development of a 
single composition that has both high abrasion resistance and excellent UV absorption at a reasonable cost. 

Accordingly, the need exists for a single coating composition that, when cured, can accomplish the 
objectives of high tintability, combined with significant resistance to abrasion and, optionally, the ability to 

75 absorb ultraviolet radiation. 

SUMMARY OF THE INVENTION 
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It is, therefore, an object of this invention to provide a single coating composition that can provide both 
resistance to abrasion and improved tintability when cured and, in a preferred embodiment, the ability to 
absorb significant amounts of ultraviolet radiation as well. An additional object of the invention is to provide 
a process for making the coating composition, for coating a solid with the coating composition of the 
invention, and to provide a substrate coated with the coating composition of the invention. Objects of the 
invention' also include providing a method of protecting an object by placing a substrate coated with the 
coating composition of the present invention between a source of ultraviolet radiation and the object, and of 
protecting the substrate itself by coating it on at least one side with the coating composition of the invention 
and curing the composition. . 

These and other objects of the present invention are achieved through a coating composition containing 
at least about 3 percent but less than about 20 percent by weight of coating solids of a tintability enhancing 
compound in a base resin comprising an aqueous, aqueous-alcoholic, or alcoholic dispersion of colloidal 
silica or of a mixture of colloidal silica with one or more colloidal metal oxides, and a partial condensate of 
an epoxy-functional silanol which is preferably blended with a partial condensate of another silanol. A 
crosslinking agent and a curing catalyst are added to form the highly tintable abrasion resistant coating 
compositions of the present invention. 

The tintability enhancing compounds are selected from the group consisting of polyhydroxyl-functional 
compounds and butylated urea formaldehyde compounds. The polyhydroxyl-functional compounds include 
tetrahydroxybenzophenone, dihydroxybenzophenone, polyethylene glycols, polypropylene glycols, 
polyether polyols, and polyester polyols. A preferred butylated urea formaldehyde compound is BEETLE 
80, available from American Cyanamide Company in Wayne, New Jersey. Tintability enhancing compounds 
that are also UV absorbers, such as tetrahydroxybenzophenone. are particularly preferred in the coating 
compositions of the present invention. Surprisingly, the coating composition of the invention is capable of 
incorporating up to about 20 percent by weight, based on coating solids, of the tintability enhancing 
compound without significant deterioration in the physical properties of the cured coating. Preferably, the 
tintability enhancing compound is present in an amount between about 5 percent to about 15 percent by 
weight, based on coating solids. Thus, when using a UV absorber such as tetrahydroxybenzophenone. 
excellent abrasion resistance and an extremely high amount of protection from ultraviolet radiation may be 
obtained either independently of, or along with, excellent tintability. 

The process for making the coating of the invention comprises mixing an aqueous, aqueous-alcoholic, 
or alcoholic dispersion of colloidal silica, or of a mixture of colloidal silica with one or more colloidal meta 
oxides, with a partial condensate of an epoxy-functional silanol which is preferably blended with a partial 
condensate of another silanol, and adding a crosslinking agent, a curing catalyst and at least about 3 
percent but less than about 20 percent by weight of a tintability enhancing compound, such as tetrahydrox- 
ybenzophenone. The prepared coating composition is applied to at least one face of a substrate such as 
glass or plastic and cured by exposure to heat, light, an electron beam or some other curing agent. The 
coated substrate may then be exposed to a conventional tinting process to tint the cured coating. 
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DETAILED DESCRIPTION OF THE INVENTION 

The present invention comprises a tintable, curable; abrasion resistant coating composition that mav 
also prov.de protection from ultraviolet, radiation. The composition comprises: V 
(A) a base resin consisting of an aqueous-alcoholic dispersion of 

(1) about 5 to about 75 weight percent, based on the total solids content of (A), of colloidal silica or a 
mixture of colloidal silica with a colloidal metal oxide; 

(2) 0 to about 50 weight percent, based on the total' solids content of (A), of a partial condensate of a 

STS ^un^i* 5Na af • WhiCh J S Sel8Cted fr ° m 3 9r0up COnsislin 9 of si,anols ha ™9 the formula 
(a) R'S>(OH)3 wherem R' ,s methyl, and (b) R*si(OH) 3 wherein R 2 is selected from the group 

ZrTl? T y ' a !' y1, P eny1 ' ethyl ' Pr ° Py1, 3 - 3 - 3 - Wf '"°^Propyl. gamma-methacryloxypropy" 
T T0P ^ T d 9 amma - chloro P r °Py> ^d wherein, when (b) is selected, the amount o 
b in (A) cannot exceed about 10 weight percent based on the total solids content of (A)- 

(3) about 10 to about 55 weight percent, based on the total solids content of (A), of a partial 
condensate of a silanol of the formula R3 S i(OH) 3 wherein R3 is selected from the group consist^ o 
epoxy-funcbonal compounds and mixtures thereof, preferably, (a) 

R 4 OCH 2 (R 5 )C— CH 2 

i o 

"iT^V 3 an alk y' ene radical containing 1 to 4 carbon atoms and R* is a hydrogen atom or an 
alkyl radical of 1 to 2 carbon atoms, and (b) yurugen atom or an 




wherein R* has the meaning set forth above; 

(B) a crosslinker for (A); 

(C) a curing catalyst; and 

oMAWm ?aV/f™ n \ bU V eSS K .! han *«* 20 P ercent b V based on the total solids content 

Ivhvn™ i ? T { ? ] ' 3 ntab " ,ty enhancin 9 compound selected from the group consisting of 
polyhydroxyl-functional compounds and butylated urea formaldehyde compounds 

resistenVc^rZ P n° Si !; 0nS ™ y b * US6d a,0ne 0r in con ^°" with 

i^'Z^^T^ ^ Uti ° n ° f thS C ° atin9 comDOSition °f *• present invention in other 

^S'lssssr^ howeveri shouid be contro,,ed s ° that *• tintabi,ity ° f *• 

deJiMMn "ST" 0 " 3lS0 C ° mPri$eS 3 Pr ° C ^ $S f ° r ° 0atin9 SOlid substrates with *e compositions 
ZZ^ ^ ZrJll pr0Ces * com P r,ses coati "9 a solid substrate with the coating composition of the 
ZZn lT ! CUnn ? the com P° sition ° n tne substrate by first evaporating the soK/ent and then 
ZTr^T 50 ° ° f hi9h6r - 1116 C ° atin9 C ° mp0Siti0n may 3,80 be cu ' ed ^ "OM or electron 

white ffouSn^! nf e t K PreSent ^ nVenti0n iS 3 " oM SUbStrate COated by the imposition of the invention, 
thf l ^ mVent,0n ,$ S meth0d f0r protectin9 an "'traviolet light by coating a 

substrate with the coating composition of the invention. 

or in^L^iofw^ ° f th ? r 8 !"* in ?" ti0n com P rises three components: (A)(1) is colloidal silica, alone 
TSK kT ° X,de , CO,,oid: < A >< 2 > is a P artial c °"densate * a silanoi of the formula R'Si- 
Z/rll J I )3 ' . 1 . and (A)(3) iS 3 Partial condensa * of a silanol of the formula R3 S i(OH) 3 . For 
Zcles of ^oZ^V 9 T nCOll0ida, Si ' iCa " refSrS t0 Stable disp *^ °' soiutions of discrete 
molecufes or S ^ ^ eXCludeS SOlutions of p °'y silicic acid * which the polymer 

molecules or particles are so. small that they are not stable. Such solutions, which can be obtained by 
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acidifying sodium silicate solutions or by hydrolyzing silicon esters or halides at ordinary- temperatures, can 
be used herein provided their size is increased either . by pqlymerizati.on or aggregation, such that the 
average particle size, is about, 1 to about, 150 rnillimicrons in diameter: Preferred for this invention are 
commercial aqueous colloidal silica dispersions shaving a particle size in the range of about 5 to about, 100 
millimicrons in diameter. These silica dispersions are. well-known commercial dispersions and are, sold 
under such registered trademarks as. ?mdox" and "NalcoagV. Alternatively, alcoholic or other organic 
dispersions of colloidal silica may also be used. It is preferred to. use colloidal silica of about 10 to about 30 
millimicrons in diameter particle size in, order to, obtain the greatest stability. This component is generally 
used at about 5 to about 75. weight percent based on the total solids content of the base resin (A); 

The metal oxide colloids which can be dispersed in the aqueous/alcohol solution in combination with the 
colloidal silica include antimony, cerium, and titanium oxides. A suitable colloidal antimony oxide is 
commercially available under the tradename . "Nyacol A1510LP" from Nyacol, Inc. in Ashland, Massachu- 
setts, Colloidal metal oxide dispersions function tq improve the hardness of the coating and may also assist 
in absorbing ultraviolet light. Similar- colloidal dispersions of other metal salts are, expected to be. suitable in 
the practice of this invention and obvious to. one haying ordinary skill in the art. The common characteristic 
of these colloidal dispersions is that .the dispersant ;is water insoluble. 

Preferably, the base resin includes as a second component a partial condensate of a silanol or a. blend 
of silanols having the formula R 1 Si(OH) 3 or R 2 Si(OH) 3 , or both. When the silanol has the formula R 1 Si(OH) 3 , 
ri is methyl. When the silanol has the formula R 2 Si(OH) 3 , R 2 is selected from the radicals 3,3,3- 
trifluorppropyl. vinyl, allyl, phenyl, ethyl, propyl, gamma-methacryloxypropyl, gamma-mercaptopropyl, and 
gamma-chloropropyl, provided that when the silanol includes R 2 SI(OH) 3 , the amount of this silanol in (A) 
cannot exceed about 10 weight percent based on the total solids content of (A). This second component is 
generally used at 0 to about 50 weight percent based on the total- solids content of (A). 

The third component of the base resin (A) is a partial condensate of a silanol of the formula R 3 Si(OH) 3 
wherein R 3 is selected from the group consisting of eppxy-functional compounds and mixtures therof. 
Preferred epoxy-functional compounds are selected from the two groups consisting of (a), a radical having 
the formula: 

— R 4 OCH 2 (R) 5 C — -CH 2 
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and (b) a radical having the formula 
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wherein R* is an alkylene radical containing 1 to 4 carbon atoms and R 5 is a hydrogen atom or an alkyl 
radical of 1 or 2 carbon atoms. It should be noted that the common feature of these two groups is the 
presence in each of the eppxy functionality. This component is generally used at about 10 to about 55 
weight percent based on the total solids content of (A). 

45 Most preferred for this invention is a base resin which contains from about 30 to about 70 weight 
percent of (A)(1), from about 5 to about 25 weight percent of (A)(2). and from about 20 to about 40 weight 
percent of (A)(3), all based upon the total soKds content of (A). 

The colloidal silica and metal oxide colloids used in this invention are preferably aqueous suspensions 
and the inventive compositions are preferably aqueous^alcohoHc dispersions. The preparation of the base 

50 resin (A) is. therefore, carried out in an aqueous media. Because the starting materials are prepared from 
esters, alcohols are generally part of the solvent system. The partial condensates set forth above, as . (A)(2) 
and (A)(3) are obtained from the condensation of R 1 Si(OH) 3 or R 2 Si(OH) 3 . or both, and R 3 Si(OH) 3 , which in 
turn are usually obtained from- precursor trialkpxy si lanes, for example R!Si(OGH 3 )3 and R 2 Si(OGH 3 ) 3 . As 
described in detail . in U.S. Patent No. 4,355,135 to January, R 1 Si(OH) 3 , R 2 Si(OH) 3 and R?Si(OH) 3 are 

55 preferably generated in-situ by adding the corresponding trialkoxysilanes to aqueous dispersionsof colloidal 
' silica. Suitable trialkoxysilanes include those containing methpxy, ethqxy, prppoxy and butoxy substituents 
which, upon hydrolysis in the aqueous medium, liberate the cqrresppnding,.alcphQls. thus generating at least 
a portion of the alcohol present in the base resin. Alcohol can be added tq the hydrolysis medium prior to 
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the addition of the alkoxysilarie S ;and mixtures of alcohols can be used herein 

addition of small amounts of acid . iSSffiH S ^T' canbe danced by the 
great number of hydroxy! groups dn t^»Se SSf £ 9 * COmpleti ° h there are a 

sbiuble or wate^rniscible 5 V ^TT ******* to Utili *> water- 

include glycol moribethers, ahdS L^acSbv Z^*^^ 5 and DoWan °'^ Dowanols 

. The fina. base resin solution SS « ^SElJS 
may comprise either acidic or aikaiine sHic Z£^T*!?m ib^ ^ 8618 a " d 

^r^^ m »« .ore 

ar* ehhahCd When the a.kbxy-si.anJTobmS^ ffi^K?; *V? ** * ^ 
aqueous or aqueous-alcoholic silica sniMtirin 1 — 7 ( )( } e Gombined and added to the 

immediately after preparaS o TcsTJT^T^-T?^ ™ 9 resiri < A > ^ be used 
optimized if the base 4n ^ of the cured film can be 

days or aging cab be ^rteh^Sh^^eSSir P ** * ^ tem ^ ature °- ^vera, 

CH,SrSSS an tS^J^T^^ 3rtd (b) «* «** as: 
<OCHk,^)X^^ C*3Si<OCH 2 CH3>,. C 6 H 5 Si- 
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CH 2 =CeOO(CH 2 ) 3 Si(OCH 3 ) 3/ 
CH 3 



Examples of the trialkoxysilane precursors of component A(3) 



are 
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(CH 3 0) 3 Si (CH 2 ) 3 OCH 2 catr- 7 CH 
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and 
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(CH 3 0) 3 SiCH 2 CH 
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compels (B , (C ™ O^Si^ With , C °?°? entS (B)l (C) and <°)- ™ order of addition of 
(O and P) areUrn^ It is. however, important that components '(B), 

distributed in component (A). Non-uhtfoS of « components (B). (G) and (D) are uniformly 
non-uniform cured. Ls contai £ ti^^^EP""*. " «'» h < A > ca — 

useful in this ^invention is ^Sm^m3t!^^'^ The ambuht of component <B) thai is 
equivalents of epox tehtSi "(A ^tf^^^^^^ ** •* *■*. 

enough acid is ^^is^&JS^r^V^ ~ ** *** of th « PdlyfunctJonal acids, (B)(1). 
groups in component (S P>efeSd fo ^ 

anhydrid, or imide ^so^^^Tl^^^ *"* ^ ^ 

amounts are further limited by the solubility of IZnwpr 6p0Xy 9roups ln < A >- Thes * 
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scope of this invention, however, because even those materials used as component (B) that are sparingly 
soluble still lend valuable properties to the resins. As long as such materials are soluble in base resin (A) 
and as long as a curable, tintable hard film results, such materials are considered within the scope of this 
invention. Generally, component (B) is useful in this invention at about 0.1 to about 15 weight percent based 
on the weight of (A), (B) and (C). 

Examples of group (1) of component {B) are such compounds as itaconic, succinic, malontc, glutaric, 
adipic, pimelic, suberic, azelaic and sebacic acids, and unsaturated dibasic acids such as "tumeric and 
maleic. Examples of group (2) of component (B) include such compounds as the cyclic anhydrides of the 
above mentioned dibasic acids such as succinic anhydride, glutaric anhydride, trimellitic anhydride, 
pyromeilitic anhydride, phthalic anhydride and maleic anhydride. Examples of group (3) of component (B) 
include such compounds as succinimide, phthalimide, glutarimide and maleimide. 

The third component, (G), of this invention is a curing catalyst. For purposes of this invention, the 
catalyst can be selected from the group consisting of (1) metal acetyiacetonates; (2) diamides; (3) 
imidazoles; (4) amines; (5) organic sulfonic acids and their amine salts and (6) alkali metal salts of 
carboxylic acids. Thus, examples of such catalysts include, for group (1), such compounds as aluminum, 
zinc, iron and cobalt acetyiacetonates; for group (2), such compounds as dicyandiamide; for group (3), such 
compounds as 2-methylimidazoie, 2-ethyl-4-methyiimidazole and 1-cyanoethyl-2-propyIimidazoie; for group 
(4), such compounds as benzyldimethylamine, and 1 ,2-diaminocyciohexane; for group (5), such compounds 
astrifluoromethanesuifonic acid; and for group (6), such compounds as sodium acetate. For purposes of 
this invention, it has been found that from about 0.05 to about 5 weight percent based on the total solids in 
the coating composition of the catalysts described herein will cause the composition to cure. Larger 
amounts of such catalysts do not appear to enhance the properties of the film and such unnecessarily large 
quantities constitute a waste of materials. 

The tintabiiity enhancing compound, ingredient (D), is selected from the group consisting of 
polyhydroxyl-functional compounds and butylated urea formaldehyde compounds. The polyhydroxyl-func- 
tional compounds include tetrahydroxybenzophenone, dihydroxybenzophenone, polyethylene glycols, poly- 
propylene glycols, polyether polyols, and polyester polyois. Preferred commercially available polyhydroxyl- 
functional compounds include UVINUL D-50" and "UVINUL 400," a tetrahydroxybenzophenone and a 
dihydroxybenzophenone, respectively, both of which are available from BASF, Inc.- in Parsippany, New 
Jersey, "TONE 301," a polyester triol available from Union Carbide Corp. in Danbury, Connecticut, and 
polyethylene glycol, preferably having a molecular weight of about 400, available from J.T. Baker, Inc. in 
Phillipsburg, New Jersey. A preferred commercially available butylated urea formaldehyde compound is 
"BEETLE 80," from American Cyanamid in Wayne, New Jersey. 

Preferred tintabiiity enhancing compounds in the coating compositions of the present invention can 
perform two separate functions. The primary purpose for adding a tintabiiity enhancing compound, such as 
tetrahydroxybenzophenone or polyethylene glycol, to the coating compositions of the present invention is to 
enhance the ability of the cured coating to absorb, or transmit to the substrate, dye in a tinting operation 
without sacrificing the excellent abrasion resistance of the unmodified coating. Preferred tintabiiity enhanc- 
ing compounds, such as tetrahydroxybenzophenone, are also ultraviolet absorbers. This advantageously 
40 allows the cured coating of the invention to achieve both rapid tinting and, provided that the UV absorber is 
present in sufficient amounts, excellent ultraviolet absorbance while still maintaining excellent abrasion 
resistance 

Rapid tinting may be achieved with the addition of a minimum of at least about 3 percent by weight, 
based on total coating solids, up to about 20 percent by weight of the tintabiiity enhancing compound. The 

45 mechanism for the enhancement of tinting is not well understood, but excellent results can be obtained. 
Preferably, the tintabiiity enhancing compound is present in an amount between about 5 percent to about 
15 percent by weight, based on total coating solids. If the tintabiiity enhancing compound is to be used for 
ultraviolet absorbance, with or without tinting, then best results are achieved when it comprises at least 
about 10 percent by weight of the total coating solids up to about 1 5 percent by weight. 

so No ultraviolet absorber can provide 100 percent ultraviolet radiation absorbance in a coating composi- 
tion without sacrificing other desirable properties, such as cost or transparency, etc. Accordingly, for 
purposes of the embodiment of the present invention in which, ejj. , tetrahydroxybenzophenone. acts as an 
ultraviolet absorber as well as a tinting enhancer, it is sufficient for the tetrahydroxybenzophenone to block a 
desired portion of incident ultraviolet light. The amount of incident ultraviolet light that must be blocked by 

55 the coating will, of course, vary with the use of the coating, so a fixed absorbance or percentage of 
ultraviolet transmission cannot be defined as "desired." For purposes' of the preferred embodiment, 
However, an absorbance of about 1.0 (10 percent transmittance) up to at least 385 nm is preferred, and 
higher absorbances .(lower percent transmittance) are more preferred. In the most preferred, embodiment, 
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abort 240 nm. Most giasses, for exampie ab fb Z£S Soht h» ^ * 3 W3Velen 9 th <** least 
5 nm Thus, an ultraviolet absorber need rt^^^X^ * * aveleri 9 th less «™ about 260 
substrate is glass. Certain substrates, such ^ryfe 1^ ^ ab ° Ut 250 nm " the 

than about 260 nm, but natural sunlight on^^^^T ^ m ^ a less 
nm- For most purposes, thsr^re, ^ 

• a^2^~^ 

she* stable and can be stored at room temperatur/for wleks ^ " the ^«oh is 

• substrate, One advantage Sf the inv^S, £thT^* S * ^WttTl 
essenfa. to obtaining high levels of ultraviolet Zor^^^^l^^ abS0rb °' * «* 
presence of a primer coat with or ^m^anaaS^M^V^T 0 ^ hoWeW - d ^ not exclude the 

» common coating methods such as dip Sif ^ Goatirt 9 ^" accompiished by . 
or cascading Dip coating and fmScaJ^tSSm SESX ^ ^ 

used, or s.ngle side coating techniques may be rebSd £ ° f 3 * Ub ** ate *W also be 

vanous methods of coating allow the coating to K^^St- «^ a substrate if desired. These 
th,ckne S ses. thus allowing a wider range of ^&^t^JnT^T "** ° f th ^ ^^ate at vanable 

» ^ention performs best when the cuL^S'L iri 2 'S^'^ of this . 
Th.cknes Se s in this range allow optimum 2« I U f ^ ab0Ut ^ to about 10 microns thick 
impairing the optica, clarity of the cSslsS 2. S a^Te ? "T** * **** «™ s wiSt 
The coating composition and •snH^^ — ■ « ^ 22: ' cra ckmg. 

30 ^^^^ 

3* a -^^ ~,f the sub^fe is 

polycarbonate, acrylic, CR-39, i.e., mmSSSm^lSt f 8 ** 88 ""*■* m ** not limited to. 

35 b ^ rate ' ** acryfohltril^en^^^*^ J* 7*2?** ^.ulose acetate 

substrates .isted above, and substrateTsuch SZTSTS^ * ^ *"* ******* of the 

When a tinted coatind is desire* ««. ± T woo °' TaDr,c < leather, paper, or metal, 
invention is immersed f^al^^t^l ?.*™»* **** *V a cured coating of the present 
B.ack, both of which are dye solX e^ •* - BP! Sun Gr£y o? BPI 

<o Florida. The dye. solution is 

sofct.on to a temperature in the range of ab^Tto ° 00 ? c ^? ^ "* heatind *• resul «"9 
coated surface of the substrate is preferably deaned bv wilo J C ° nStantly the solution. The 

■n the dye bath for a period of tim* sUfZnT^ S °' V9nt prior to im ™™°" 
w.th d,stilled water to remove the excess^ ^ wStSS ^ am ° Unt Gf "ashed 

« vary,hg the thickness of the coating or the tSe^mS '2 XJ? T"^*^ fiift dart ^ adjusted by 
^ =byusingaco(orimeteri ^ -^.n J^aMi^OTSf 

can^S~t^^^^ 
° J^ : **»y two levels of lS^2SS*3 ^ '"f 1 ° f time - ^ exam P ,e. in th'e 
appl.cat.on of tints to lertses m eyegLes. A ^er^ Shl^ USed in ^^ion with the 

absorbed or transmitted is sufficien? to ^SyTS^-S?T2^ **** *** ** ***** « dye 
Th.s ,s generally the level of light transmittanci aopScK ^ 2 ^ f '° "** throu 9 h the tinted lens. 
_ such as that used for sunglasses 9^^^ aolT^lZJl^l ^ ^ las ^ ^ darker tint 
» amount of dye absorbed or transmitted mm^Fti^JT mitfa "<* Which means that the 
partcular type of plastic commonly used SlfE?!* tb pass through the iens. One 
tmt ^20 percent LT in mmtL^KS^S^!^ to flenses. CR-39. generally will 
coated lenrbe achie^d within Is-SoihateH^ 
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10 wheel. Results are reported as percent change in haze (A %H), 



Coating Adhesion Test 



The adhesion of the cured coating to the substrate was measured using the Crosshatch adhesion test, 
ASTM No. D 3359. This involves scribing a criss-cross pattern (grid) on the coated surface, applying a 3M 
600 tape, and pulling it away sharply in one quick motion. Three tape pulls with no adhesion loss is 
considered passing, and is reported as 100% adhesion. 

EXAMPLE 1 



15 To show the unexpected and surprising tinting improvement of the coating compositions of the present 
invention, two controls were prepared for comparision purposes. The first was an uncoated lens blank made 
from CR-39, a transparent polycarbonate, and the second was a CR-39 lens blank coated with SILVUE 339, 
a commercially available coating composition from SDC Coatings, Inc. in Garden Grove, California, which is 
made in accordance with the teachings of the January patent, U.S. Patent No. 4,355,135. SILVUE 339 is a 

20 Silica filled siloxane coating based on methyltrimethoxysilane and gamma-glycidoxypropyltrimethoxysilane. . 
The CR-39 lens coated with SILVUE 339 was cured in an oven for 15 hours at a temperature of 77° C and 
then allowed to cool to room temperature, at which time the thickness of the cured coating was measured. 
The initial percent light transmission, yellowness index and percent haze of both lenses were measured 
before and after 15 minutes of immersion into a BPI Sun Grey colored dye bath (1:10 dilution) heated to 

25 about 88* C. Coating tintability was tested by measuring the change in light transmittance (L.T.) resulting 
from the 15 minute immersion in the dye bath. The results given in Table I show that the uncoated CR-39 
(Sample 1(a)) reduced the iight transmission a significantly greater amount than the CR-39 lens coated with 
SILVUE 339 (Sample 1(b)). 

30 

EXAMPLE 2 



To demonstrate the improved tintability of the coating compositions of the present invention, lens blanks 
35 made from CR-39 were coated with a coating composition prepared by mixing SILVUE 339 with 5 (Sample 
2(a)), 10 (Sample 2(b)), and 15 (Sample 2(c)) percent by weight of UVINUL D-50. Other samples were 
prepared by mixing SILVUE 339 with 10% UVINUL 400 (Sample 2(d)), 10% TONE 301 (sample 2(e)), and 
10% BEETLE 80 (Sample 2(f)). (All percentages are by weight total solids.) Coating thickness (in microns), 
percent light transmission, yellowness index, and percent haze were measured both before and after 
40 immersion for 15 minutes in a dye bath using the same procedures explained in Example 1. As the results 
in Table I show, the coating compositions containing tintability enhancing compounds had demonstrably 
superior tintability than the coated control (sample 1(b)). 
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composition can aiso b? STpS.'E ^tatTS, 8 rT"* ,h ° SUbSte Tt » ^ 
weathering „, „,„,, de9ra(la , ic , n J °f ' ub * *> ' ** t Certain substrates are susceptible = 

wmposltlons of the invention substlntiZ X. . hi , " 9M ° r both - Th * coatira 

aye can be selected to.provide the NoheTdJ™ °" f f ub5 * a ' e ' ln su * °™>- tinting 

•» -m^ «„„ „ the invention can S^S^ZS^S^T' " ™*°^ Tl ™ 

«^«^^sxszz&?£ in r on are — - 

that the relative weigh, percent of the Th ° Se !k " l9d in ,he m »»' '^cognize 

composition ingredients. The silica content can h °" "* ,he ,9malnin 9 coa ""9 

constituent company. This Wmm*JS£ ™w ? V Vary '" 9 ,te rela " v « ™"«s °< the 
the cured coating. For example, ^ ^isSiTd ' '" ,Ti """^ ' he PhySlM " propel * s « ' 
inversely related to the A%H which is a ! B ** p8rcenl slto «"■**. but Is 

accord^ to the Taber ^TZ^ZTt™™ foTC 1,^ °" — P ™ dU * 
becomes a greater percentage of the total snliri* in tnT, t0 Say - as the si,ica content 

that particular coating. It J? bfrecoan zed hat JX , ^ "f" 9 ' Va,Ue of A%H wi " Urease far 
resistance for those coatings. Gen A% " **** abrasion 
. after 500 cycles) of less than about 15% 9 acceptable abras,on ^stance have a AH 500 ( le. 

betted SrlThor'to "V^* T* ^ " *« *~ « in *. art may 

intent to illustrate the £S£ £ s^n^eTo^^^^ ^ ^.-These^ 

cla,med herein in any manner, .n each example. aTparts are t w^ig t ' * ^ 
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TgSTING METHODS 

Tinting Test 



«n£ ^^^^ B ^^^ *• *™ Brain Power, ,nc. Miami, Ra., U.S.A., 
C by immersing the lenses into he dy'e bah fort? tolom"?^ f ^ 88 ' C or about 96 
indicated properties are measured ^^^27^ ^ ^ ° f the exam P les - *• 
« the percent of light transmitted, the greato l! Z aLZ?^* T"* 9 * ° f t0tal ,ens ™™'s>°»- The lower 
coating during the selected time penod * ° f dye abSOrbed or transmitted to the lens by the 

meaSL^ "0* transmission through the lens was 

U.S.A., and is Jeported as percent 2S^^2^ ? ^ ^^nc, Bethesda, MD., 
so and the amount of haze in the S^^^^SH^'T^ ^ ° f ye " 0WneSS 
haze is not visible to the naked eye while meJL^Tl S/ h? tab ' eS ' TypiCally ' less than 1% 

clarity of the coated lens becomes affected * 9enera " y ob j ectiona We as the optical 

55 Taber Abrasion Resistance Test 

Abrasion resistance was measured usinq the Taber Ahr a ci n „ o ■ i ^ 
Taber .br.se, generates the increase in J, Xt^^^™* ^ 
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TABLE I 







Initial 


1 5 Minutes 


Sample 


Coating 


LT. 


Y.I. 


Haze 


LT. 


Y.I. 


Haze 




Thickness 














1(a) 


- 


92.8 


0.4 


0.2 


12.2 


14.7 


0.0 


Kb) 


3.2 


93.3 


0.6 


0.2 


47.6 


12.9 


0.3 


2(a) 


3.4 


93.4 


1.0 


0.0 


32.3 


15.0 


0.1 


2(b) 


3.3 


93.0 


1.6 


0.2 


26.8 


14.5 


0.1 


2(c) 


3.3 


93.3 


1.6 


0.1 


12.7 


7.1 


0.0 


2(d) 


3.4 


93.4 


0.8 


0.2 


28.6 


18.4 


0.1 


2(e) 


2.9 


93.4 


0.7 


0.0 


12.8 


14.7 


0.0 


2(f) 


2.8 


93.8 


0.8 


o;6 


16.6 


14.7 


0.4 



EXAMPLE 3 



To show the effectiveness of the ultraviolet absorbance of the present invention, coating compositions 
of the invention were prepared by mixing SILVUE 339 with (a) 10 percent by weight, (b) 15 percent by 
weight, and (c) 20 percent by weight of coating solids of UVINUL D-50. These -samples were coated on 
glass substrates and then cured for three minutes at 204* C. The results are shown in Table II. 

The absorbance of ultraviolet light was measured at 385 nm. The values of absorbance are exponen- 
tially related to the transmittance of ultraviolet light through the coating, so an absorbance of 1.0 means only 
10 percent of the ultraviolet light at a wavelength of 385 nm passed through the coating, while an 
absorbance of 2 means only 1 percent of the ultraviolet light was transmitted. Excellent UV absorbance was 
obtained for each of the samples of Example 3. 

The comments column of Table II contains observations on the appearance of the cured coating. 
Samples 3(a) and 3(b) were clear when cured, although all three samples of Example 3 had some very light 
yellowing due to a slight tail of absorbance by the ultraviolet absorber in the visible violet wavelengths. 
Sample 3(c) was spotted, indicating that there was unacceptable phase separation at 20% by weight 
loading of the D-50. Thus, the coating thickness of Samples 3(a) and 3(b), in microns, shows that even 
when the coating is relatively thick, the coating composition of the present invention prior to tinting is still 
transparent. 

TABLE II 



Sample 


Absorbance at 


Coating 


Comments 




385 nm 


Thickn. 




3(a) 


1.47 


6.3 


m Lt. Yellow; clear 


3(b) 


2.56 


7.5 


Lt. Yellow; clear 


3(c) 


2.9 


8.3 


Lt. Yellow; spotted 



EXAMPLE 4 



Additional samples were prepared in accordance with the present invention using a Lexan LS2-111 
polycarbonate substrate, available from General Electric Company in Schenectady, New York, which had 
been primed by dip coating the substrate into SP-6862 primer, available from SDC Coatings, Inc., then air 
dried for five minutes before heating at 121* C for 25 minutes. The primed substrate was then flow coated 
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75 



4(a) 5% UVINUL D-50; amounts are percent by weight of total solids): 



4(b) 5% UVINUL D-50; 
4(c) 10% UVINUL D-50; 
4(d) 5% TONE 301; 
4(e) 5% TONE 301; 

4(f) 5% polyethylene glycol (400 mol. wt.) from J.T. Baker 

4(h) 5% SeEtIesS 6 9 ' yCOi (4 °° m0 '' fr0m ^ Bak6r 

4(i) none; and 
4(j) none, 



20 



samples was and for four hours aM27 ! " * C '" S """P™"*- ««* each of ths 

»9hl IransmBanpe as a function of irnnS te fuSlT, l^. by measurin 9 «» »="9s in 
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As the results show, all of the samples had excellent abrasion resistance. Samples 4(b), 4(c), 4(e), 4(g), 
and 40) were tested in a second batch using the same techniques, and although the data are slightly 
different than those from the corresponding samples from the first batch, the differences are well within the 
range of experimental error. The light transmission of all of the samples was significantly reduced after 30 
minutes tinting versus that of the controls, samples 4(i) and 4Q), with sample 4(c) which contained 10% 
UVINUL D-50 showing particularly surprising improvement after 5 and 15 minutes as well. Sample 4(c) 
reduced the light transmission to 37.3% after 30 minutes, while samples 4(f) and 4(g), each with 5% 
polyethylene glycol, reduced the light transmission after 30 minutes to 45.8% and 47.4%, respectively. This 
compared to 65.3% for sample 4(i) and 65.9% for sample 4Q), neither of which contained a tintabiiity 
enhancing compound. 

Other modifications and variations of the present invention are possible in light of the above teachings. 
For example, additives and other modifying agents may be added to the compositions of this invention. It is 
to be understood, however, that changes may be made in the particular embodiments described above 
which are within the full intended scope of the invention as defined in the appended claims. 

The features disclosed in the foregoing description, in the following claims and/or in the accompanying 
drawings may, both separately and in any combination thereof, be material for realising the invention in 
diverse forms thereof. 



Claims 

1. A coating composition which forms a transparent, tintable, abrasion resistant coating upon curing, 
coating composition comprising: 

(i) an effective abrasion-resistant amount of a dispersion of a colloidal silica; 

(ii) a partial condensate of a silanol or a blend of silanols, wherein when there is just one silanol 
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10. The coating composition of claim 7 wherein component (A)(2) comprises a partial condensate of a blend 
of methy! and gamma-methacryloxypropyl siianols. 

11 The coating composition of claim 7 wherein component (A)(2) comprises a partial condensate of 
rnethylsitanol and (A)(3) comprises a partial condensate of 2-(3,4-epoxycyclohexyl)ethyl silanol, or a partial 
condensate of gamma-glycidoxypropylsilanol. 

12. The coating composition of claim 8 wherein component (B) is a polycarboxylic acid. 

13. The coating composition of claim 9 wherein the catalyst is an amine, a diamine or an alkali metal salt of 
a carboxylic acid. 

14. The coating composition of claim 6 wherein said polyhydroxyl-functional compounds are selected from 
the group consisting of tetrahydroxybenzophenone, dihydroxybenzophenone r polyethylene glycols, poly- 
propylene glycols, polyether polyols, and polyester polyols. 

15. The coating composition of claim 1 or claim 6 wherein said polyhydroxyl-functional compound is 
tetrahydroxybenzophenone. 

16. The coating composition of claim 1 or claim 6 wherein said tintability enhancing compound is a 
polyethylene glycol. 

17. The coating composition of claim 4 or claim 6 wherein said tintability enhancing compound comprises 
at least about 10 percent by weight of said composition. 

18. The coating composition of claim 15, wherein the tetrahydroxybenzophenone is present, in an amount 
sufficient to absorb at least about 90 percent of incident ultraviolet light at a wavelength of 385 nm. 

19. The coating composition of claim 15 wherein said tetrahydroxybenzophenone is present in an amount 
sufficient to provide an absorbance of at least about 2.0 at 385 nm at a coating thickness on a substrate of 
less than about 1 0 microns. 

20. The coating composition of claim 7 wherein said tintability enhancing compound comprises about 5 to 
about 15 weight percent, based on the total solids in (A), (B), (C), and (D), of tetrahydroxybenzophenone. 

21. The coating composition of claim 1 or claim 6 or claim 20 wherein a colloidal metal oxide is mixed with 
the colloidal silica. 

22. The coating composition of claim 21 wherein said colloidal metal oxide is antimony oxide. 

23. A process for coating a solid substrate by contacting at least one surface of the solid substrate with a 
transparent, tintable, abrasion resistant coating composition as claimed in any of claims 1-22, and curing the 
composition to form a transparent, tintable, abrasion resistant coating. 

24. The process of claim 23, further comprising the step of tinting said; coating after curing said coating 
composition by immersing the coated surfaces of said solid substrate in a dye bath for a period of time 
sufficient for said coating to absorb a desired amount of dye. 

25. A coated solid substrate prepared in accordance with the process of claim 23 or claim 24. 

26. A coated solid substrate prepared in accordance with the process of claim 23 or claim 24 wherein said 
solid substrate is transparent. 

27. The coated solid substrate of claim 25 wherein the solid substrate is glass or a plastic. 

28. A method for reducing exposure of an item to ultraviolet light comprising placing a solid substrate 
between said item and a source of ultraviolet light, wherein said substrate has been coated on at least one 
side with a transparent, tintable, abrasion resistant coating composition in accordance with the process of 
claim 23 or claim 24. 

29. A method for reducing exposure of a substrate to ultraviolet light, comprising coating at least one side 
of a solid substrate with a transparent, tintable, abrasion resistant coating composition using the process of 
claim 23 or claim 24, and facing said coating side towards a source of ultraviolet light. 
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butylated urea formaldehyde compounds. These 
coating compositions are especially useful for pro- 
£Q viding both abrasion resistance and high levels of 
^ tinting and, optionally, absorbance of ultraviolet radi- 
atton. Tetrahydroxyben2ophenone is a preferred tin- 
tability enhancing compound that also absorbs UV 
r- light. 
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